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1 1  gallons per minute. The water of this spring is 
suitably mineralized, being of the mild saline-alkaline 
class and is the nearest approach to a table water 
of any. 

During the summer of 1912 many of these waters 
were examined for radium and thorium. Samples 
of the water were collected and sent to  Washington, 
D. C., where they were tested. The field work of the 
gases was performed by Dr. R. B. Moore, of the Bureau 
of Mines, Department of the Interior, a noted authority 
on radioactivity. His report will probably occur in 
a future bulletin by him. Sanitary analyses of these 
waters were made and the results showed free and 
albuminoid ammonia content with low nitrites and 
nitrates. No bacteriological examinations have yet 
been made. 

The writer is indebted to  John C. Minor, Jr., Secretary 
of the General Carbonic Company, for information 
concerning these wells. I also wish to  acknowledge 
the assistance given by Herbert Ant, of this laboratory, 
who helped me in some of the analyses. 
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THE PRECIPITATION’ OF GOLD BY MANGANOUS SALTS 
B Y  A. D. BROUW 

Receil-ed April 14, 1913 

Some interesting occurrences of gold associated 
with manganese dioxide led to the suspicion that 
manganous salts, under certain conditions, might re- 
act with solutions of gold salts to  bring about a mutual 
precipitation: the gold in the free state and the man- 
ganese as hydrated manganese dioxide. A search 
for literature on such reactions was without avail, 
and experiments were undertaken with a view t o  
ascertaining if such a reaction is possible, and if so, 
under what conditions it can take place. The reaction 
in question is in a sense the reverse of the series of re- 
actions involved in the well-known “ chlorination 
process” of extracting gold from its ores: 

MnO, + 4HCl = MnC1, + C1, + 2H,O 
and 

gCl, + 2Au = 2AuC1, 
The reaction is doubtless much more complex than 

the summary equations, but i t  will be seen that a re- 
versal of the series would lead to the formation of 
gold and manganese dioxide. 

Auric chloride solutions of varying concentrations 
were mixed with solutions of manganous chloride 
with concentrations ranging from 0.5 N up to satura- 
tion, but no reaction was detected even when the mix- 
ture was boiled for several minutes. The addition 
of a very small amount of alkali to  the mixtures, in 
the cold, caused an immediate precipitation of a dark 
brown mass resembling manganese dioxide in the hy- 
drated form commonly precipitated. The precipi- 

1 Paper presented at the Milwaukee meeting of the American Chemi- 
cal Society, March, 1913. 
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tate was collected, carefully washed to  free it from 
the gold solution, and then treated with standard 
oxalic acid, containing a small amount of sulfuric 
acid. The solution thus obtained was divided into 
equal portions: one was analyzed for manganese and 
the other titrated for loss of oxalic acid. The results 
showed that for every equivalent of manganese an 
equivalent of oxygen had been taken up by the oxalic 
acid, proving the precipitate to  be manganese dioxide. 
In  a check experiment the precipitate was taken into 
solution with the standard oxalic-sulfuric acid mix- 
ture, which was titrated for loss of acid. The man- 
ganese in solution was then reprecipitated as hydrated 
manganese dioxide by a standard method, and the pre- 
cipitate was again treated with the standard acid 
mixture. The same loss of acid as before showed the 
original precipitate to be manganese dioxide. 

Gold was left by the solution of oxalic acid and was 
readily recognized as such. 

Gold chloride solutions are notably acid in their 
reaction, due probably to hydrolysis in part, and in 
part to  the ionization of an addition product with 
water. Hittorf and Salkowsky showed by electro- 
lytic experiments that gold chloride solution is ionized 
as follows: 

+ =  
2H + AuC1,O 

Solutions of gold chloride show marked acid 
propekties toward indicators, and apparently the 
acidity thus developed is sufficient to suppress the re- 
action, 

2Au+++ + 3Mn++ = 2Au + Mn+f++  
If we postulate the intermediate formation of 

MnC1, in minimal amounts, we are justified in as- 
suming that the salt would be largely hydrolyzed, 
since tetravalent manganese is a very weak base. 
This hydrolysis would be suppressed by the presence 
of acids, but on reducing the acidity, hydrolysis might 
become effective, forming the very slightly soluble 
hydrated manganese dioxide, and with this removed 
from the equilibrium system by precipitation, the re- 
action might proceed until concentrations were di- 
minished to equilibrium conditions. 

It is of interest to note that the precipitation began 
long before the solutions were entirely neutralized as 
shown by indicator tests. This was shown in another 
way by placing a crystal of iceland spar in the mix- 
ture of gold and manganous chlorides in solution. A 
slight effervescence occurred, and after a few hours 
the crystal was covered with a brown coat of man- 
ganese dioxide in which flakes of gold were plainly 
visible. The precipitation of gold was practically 
complete when an excess of MnC1, was employed, 
though this solution had a t  least the acidity of sat- 
urated carbonic acid. 

An interesting reaction of similar nature was foupd 
to take place between auric chloride solution and 
manganous carbonate. The precipitated carbonate 
(doubtless amorphous, in part, a t  least) reacts a t  
once and is turned to  the dark brown hydrated di- 
oxide. The crystallized carbonate, that is, the min- 
eral rhodochrosite, reacts slowly, but, after a day, 
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a crystal was coated n-ith dark brown and flakes of 
gold were plainly discernible. 

S U M M A  R S  

If we suppose manganese tetrachloride to  be an in- 
termediate product, present only in very minute 
traces, we may find in it some basis of explanation. 
Suppose 

zAuCI, + 3MnC1, J_ ZAU + 3MnC1, 
Since tetravalent manganese is an  exceedingly 

weak base it should be little ionized, but it may be 
subject to  two other sorts of dissociations, namely: 

MnC1, = MnC1, + C1, 

MnC1, + 4H,O = Mn(OH), + 4HCl 

I .  A molecular dissociation, 

2 .  Hydrolyt’c dissociation, 

Theoretically we should have the hydrolysis constant 
Mn(OH), X (HC1)4 

MnC1, 
____ - - K  

assuming hydrolysis according to  the above equation. 
It is obvious that the presence of acid would tend to 
cut down the hydrolysis and allow the tetrachloride 
to  become sufficiently concentrated to  make its 
molecular dissociation appreciable-the greater the con- 
centration of acid the greater this tendency-and we 
may, in this way, easily obtain conditions under which 
free chlorine is liberated, as in the chlorination process. 

I f ,  however, the acid concentration is reduced below 
a certain figure the concendation of the tetrahydroxide 
will reach saturation. Any further reduction of acid- 
ity must result in the precipitation of the hydrated 
dioxide. I t  will be seen that such an  adjustment 
may be very delicate indeed-and this seems to be 
supported by the lack of success in preparing the tetra- 
chloride, subject, as it would be, to  both hydrolytic 
and molecular dissociation. 
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There has been some complaint from horticulturists 
that  some difficulty was experienced in keeping ar- 
senate of lead in suspension in water while spraying. I t  
is claimed that the lead arsenate settles out too quickly 
and it is difficult to  keep it stirred up. This seems t o  
be especially true when knapsack sprayers are used. 
Parker* has suggested that  a soap solution might be 
used to  aid in keeping the arsenate of lead in suspen- 
sion. Parker reported results of laboratory experi- 
ments which indicate that  a soap solution keeps the 
arsenate of lead in suspension much better than water. 
He has also stated that the soap would be of value in 
causing the spray to spread more evenly over the sur- 
face of the leaves and, in midsummer spraying, the 
smooth skin of the apple. 

Mr. W. H. Lawrence, Fruit Inspector of Hood 
River County, Oregon, advised the orchardists in 

Society, March, 1913. 
Paper presented at the Milwaukee meeting of the -4merican Chemical 

Montana 9gr.  Exp. Sta. ,  Bull. 86. 

that  locality to try the lead arsenate-soap mixture 
experimentally. The results of the experiments tried 
indicated that in some instances considerable injury 
was caused to the foliage of the trees. It was suggested 
that this foliage injury, which resulted apparently 
from the use of the spray, might be due to soluble 
arsenic compounds formed by the reaction of the 
soap with the lead arsenate. Consequently, some 
laboratory experiments were undertaken to ascer- 
tain the amount of soluble arsenic in mixtures of 
soap with the different lead arsenates. While there 
has never been any extensive use of the lead-arsenate 
soap mixture, the results obtained are of special in- 
terest in showing differences in the behavior of the 
arsenates. 

Three samples of commercial lead arsenate were 
selected for the experiments. A brand which gave 
no test for acid arsenate (PbHAsO,) u-hen tried by 
Volck’s test’ was selected as a neutral (ortho) arsenate 
of lead [Pb,(AsO,),]. The other two brands were 
composed mostly of the acid arsenate of lead. The 
results of the analyses of the three brands were as  
follows: 

Sample Sample 
Sample Acid Acid 
Neutral arsenate arsenate 
arsenate No. 1 No. 2 
Per cent Per cent Per cent 

Moisture.. . . . . . . . . , , . . . . . , . . . . . 49.5 1 47.82 47.39 
Total arsenic oxide (A%Oa). . . . . . . 10.98 15.00 16.73 
Soluble arsenic oxide . . . .  . 0 .14  0 39 0 . 2 8  
Total lead oxide (PbO). , , . . . . . . , 3 7 . 0 1  33 92 33.48 
Water-soluble impurities other than 

arsenic oxide. . . , . , . . . . . . . . . . . 
Three kinds of soap m-ere used: “Ivory.” whale oil, 

and ordinary yellow laundry soap. The “Ivory” 
and the whale oil soaps did not contain any free alkali, 
while the yellow laundry soap contained a small 
amount. 

The proportions of lead arsenate, soap and water 
which were used corresponded to  those recommended 
for use in actual spraying practice. In each of the 
tests, 4 . 8  grams of lead arsenate, 4 . 8  grams of soap 
and I liter of water were used. Each sample of 
arsenate of lead was tried with each of the different 
soaps. In  each instance, the soap was dissolved in 
about 500 cc. of water, the lead arsenate, after i t  had 
been worked up with a little water, was then added 
and the whole made to 1000 cc. volume. The mix- 
tures were let stand for six hours with an occasional 
shaking and then filtered. The filtrates were then 
analyzed for their content of arsenic oxide. The de- 
termination of arsenic oxide was made by first digest- 
ing the solution with arsenic-free sulfuric acid and potas- 
sium sulfate until the solution was clear. The solu- 
tion thus obtained was neutralized with sodium bi- 
carbonate and titrated with standard iodine solution 
in the manner used in the modified Gooch and Brown- 
ing method.’ Great difficulty was encountered in 
filtering the solutions for the arsenic determinations. 
They filtered very slowly and it was found that a 
small amount of lead passed through into the filtrates. 

1 . 0 1 0 .88  0 7 2  

1 Science, New Series, 33. 866 (1911). 
2 Bureau of Chem., Bull. 107, Revised, p.  239. 


